We examine the di¤erential response of establishments to the global …nancial crisis with particular emphasis on the role of foreign direct investment (FDI). Using a new worldwide establishment dataset, we explore three distinct channels through which FDI a¤ects establishment performance: production linkages, …nan-cial linkages, and multinational networks. We …nd that, …rst, the role of FDI varied with incidences of the crisis across countries in a pattern consistent with the linkages hypotheses. Second, multinationals engaged in activities with vertical production linkages or …nancial constraints exhibited greater advantages over local …rms. Finally, being part of larger multinational networks led to superior performance.
Introduction
An evaluation of these patterns poses several challenges, however. First, it is di¢ cult to disentangle the e¤ect of FDI from other macroeconomic factors such as market demand, trade integration, and credit conditions. Second, the channels through which FDI a¤ects economic performance are likely to be masked in aggregate data. Third, many national sources, especially in less developed nations, lag considerably in assembling aggregate economic data including data on FDI. 2 In this paper, we investigate the role of foreign direct investment in determining micro economic responses to the crisis. In contrast to existing studies of the recent crisis, which focus on aggregate economic outcomes at country and industry levels, we use a new worldwide dataset that reports operational activities of more than 12 million establishments before and after 2008 to examine patterns of economic crisis at the most disaggregated level. We study how multinationals around the world responded to the crisis relative to local …rms, and the underlying mechanisms of the di¤erential responses. The use of establishment level data enables us to explore variations within the same country and industry, and separate the e¤ect of foreign direct investment from macroeconomic factors. The worldwide coverage enables us to exploit heterogeneity across countries, industries, and individual multinationals to identify the channels through which FDI a¤ects economic performance.
The importance of examining the role of FDI in the global …nancial crisis is highlighted by the proliferation of multinational activities in recent decades. As of 2007, FDI in ‡ow represented nearly 17.2 percent of total capital formation in developed nations, and 13 percent in developing economies. Multinationals' foreign a¢ liate production was equivalent to 12 percent of the world's total GDP, with exports accounting for one third of the world's total exports.
Despite its prevalence, how FDI a¤ects macro and micro economic performance remains unclear. At the macro level, the literature …nds only weak support for an exogenous positive e¤ect of FDI on economic growth. Existing evidence shows the e¤ect of FDI to be strongly conditional on local conditions such as human capital and …nancial sector development (see, for example, Borensztein et al., 1998; Alfaro et al., 2004; Carkovic and Levine, 2005 ). Evidence at the micro level suggests a more adverse e¤ect. Most studies …nd FDI to have a signi…cant negative e¤ect on plant survival and stability. It is argued that MNCs' footloose nature makes them more volatile than purely domestic …rms. Görg and Strobl (2003) , for example, …nd Irish establishments with foreign ownership to be more likely than indigenous plants to exit the market controlling for other plant and industry speci…c characteristics. Gibson and Harris (1996) and Bernard and Sjoholm (2003) reach similar conclusions for New Zealand and Indonesia, respectively. Bernard and Jensen (2007) focus on domestic multinationals in the U.S. and …nd them to be more likely than non-multinational …rms to shut down home-country plants.
Our paper explores three distinct channels through which FDI can a¤ect establishment performance. First, we consider a production linkage channel. In a time of crisis, multinationals can react to adverse shocks by adjusting home and foreign production. This can either exacerbate or alleviate the impact of the crisis on a¤ected establishments, depending on the nature of production linkages between headquarters and the establishments. If the establishments'production activities duplicate those of headquarters, …rms will be more likely to respond to negative shocks by shifting production back home. If establishments instead share a vertical production linkage with headquarters, shocks that occur in the establishments'host countries (e.g., a decline in local demand) can be partly absorbed by headquarters, leading to a more resilient response to crisis. Conversely, shocks that occur in multinationals' home countries can be transmitted to MNCs'foreign establishments, occasioning a negative spillover. Vertical production linkages are thus more likely to exert a positive e¤ect when host countries experience a large contraction in demand and MNCs'home countries do not. 3 Second, we consider a …nancial linkage channel. Foreign-owned establishments can be less dependent on host-country credit conditions because of the supply of capital from headquarters. This type of …nancial linkage, by enabling multinational owned establishments to tap into international credit markets, supports capital market diversi…cation, an advantage particularly important when the incidence of a …nancial crisis is great in host countries but small in MNC home countries and when establishment activities tend to be …nancially constrained.
Financial, like production, linkages between MNC foreign establishments and headquarters can transmit …nancial shocks in MNCs'home countries to their foreign establishments.
Finally, we examine how the e¤ects of production and …nancial linkages can be ampli…ed through multinational networks. Most multinational …rms today operate a plurilateral production and …nancial network. Having a large multinational network enables multinationals to diversify both production and …nancial markets, which can either sustain or lower the economic stability of individual establishments depending on the nature of the linkages across the network.
Our analysis broadly supports the above hypotheses. We …nd responses to crisis to di¤er sharply between multinational and local …rms. Establishments with multinational ownership perform, on average, better than local competitors, but there is considerable heterogeneity in the role of foreign direct investment. First, the role of foreign direct investment varies with the incidence of the crisis in host and home countries in a pattern consistent with the production and …nancial linkages hypotheses. Multinationals located in host countries that have experienced sharper declines in aggregate demand and credit conditions displayed a greater advantage over local …rms in economic performance. In contrast, multinationals headquartered in countries with a greater incidence of the crisis, including lower demand and worse credit conditions, fared less satisfactorily overseas, suggesting a potential spillover of home-country shocks.
Second, the e¤ect of foreign direct investment varies with attributes of multinational activities, in particular, the production linkage between foreign establishments and headquarters and the …nancial constraint that faces foreign establishments. MNC subsidiaries that shared vertical production linkages with parent …rms exhibited more resilient performance while horizontally linked subsidiaries responded less positively. Albeit previously unidenti…ed, this result is not entirely unexpected. Bernard et al. (2009) have shown that intra-…rm trade fell 3 By examining the e¤ect of vertical production linkages on establishment performance, our work adds to the debate on the link between vertical integration and the great trade collapse. Bems, Johnson and Yi (2010), investigating the role of global supply chains, argue that increasing vertical specialization contributes to the greater contraction of world trade relative to total output. Bricongne, Fontagnè, et al. (2009) present an alternative argument and show that the extensive presence of supply chains does not automatically explain why world trade overshot the drop in world GDP. less than unrelated-party trade during the Asian …nancial crisis. Multinationals that engaged in activities with stronger …nancial constraints also have a greater advantage over local …rms.
These results lend direct support to the role of production and …nancial linkages in explaining the di¤erential responses of multinational and local …rms.
Finally, we …nd the size of multinational networks also matters. Being part of a larger multinational network, on average, was associated with superior economic performance during the crisis. But there is a negative interdependence across establishments with horizontal production linkages. A better performance of third countries in which MNCs performed duplicate activities is found to lower the advantage of multinational ownership in a given host country. Foreign establishments also generate spillovers to headquarters. A larger number of horizontal foreign subsidiaries decreased the positive e¤ect of outward FDI on headquarters performance.
The average positive e¤ect of FDI on establishment performance can, however, result from a self-selection bias. It is possible that MNCs have acquired more productive local …rms and, as a result, perform better during the crisis. To address this concern, we employ a matching technique to create the counterfactual of MNC owned establishments. We match each MNC establishment with a local …rm based on economic characteristics such as sales, age, and exporter status as well as location and industry factors. Each matched pair shared similar economic attributes prior to the crisis, except the status of foreign ownership. Comparing the performance of the matched establishments at the end of 2008, we …nd the e¤ect of foreign ownership to remain signi…cant: MNC owned establishments exhibited, on average, better economic performance than their local matches during the crisis.
Micro evidence of the role of FDI in economic crises is scarce. Relatively few studies have examined how multinationals respond to the crisis compared to local …rms, and how MNCs link establishment performance across countries. Alvarez and Görg (2007) , investigating the response of multinational and domestic …rms to an economic downturn in Chile, do not …nd multinationals to react to the economic crisis di¤erently than domestic …rms. Desai, Foley and Forbes (2008) , evaluating the response of multinational and local …rms to sharp currency depreciations, …nd sales, assets, and investment to increase signi…cantly more for U.S. multinational a¢ liates than for local …rms. Di¤erent from these studies' focus on regional economic slowdowns and currency depreciations, our analysis draws from the recent global …nancial crisis. We look to the global coverage and considerable heterogeneity of the recent crisis to explain the role of FDI in determining micro economic performance and disentangle some of the ambiguities in previous …ndings.
Also exploring the recent crisis, Tong and Wei (2009) examine whether the volume and composition of capital ‡ows a¤ected the degree of credit crunch faced by a country's manufacturing …rms. Using data on 3,823 …rms in 24 emerging countries, the authors …nd declines in stock prices to be, on average, more severe for …rms intrinsically more dependent on external …nance. The volume of capital ‡ows had no signi…cant e¤ect on the severity of the credit crunch, but the composition of capital ‡ows mattered: pre-crisis exposure to non-FDI capital in ‡ows worsened the credit crunch whereas exposure to FDI alleviated liquidity constraints.
In this paper, we document the roles of production linkages and multinational networks, as well as of …nancial linkages. By taking into account establishments both at the epicenter and on the periphery of the crisis, our analysis also considers multinationals'role as an international linkage in transmitting economic shocks. In this vein, our work contributes to the extensive literature of international …nancial crises by o¤ering micro-level evidence of the role of multinationals as a potential transmission mechanism (see, e.g., Eichengreen et al., 1996;  Glick and Rose, 1999; Kaminsky et al., 2001; Forbes, 2004) .
We organize the rest of the paper as follows. We describe the dataset in Section 2, and patterns of establishment performance by …rm structure, country, and industry in Section 3. The econometric analysis and empirical evidence are presented in Sections 4 and 5, respectively, and the sensitivity analysis in Section 6. Section 7 concludes. D&B's WorldBase, albeit not without problems, o¤ers an ideal data source for the research questions posed in this study, providing several distinct advantages over alternative data sources. First, the unit of observation in WorldBase is the establishment (a single physical location at which production operations or services are performed) instead of the …rm. Establishments have their own addresses, business names, and managers, but might be partly or wholly owned by other …rms. The database supports the linking of establishments to …rms using information on domestic and global parents and the DUNS identi…cation. 5 Establishment-level operation and ownership information is central to our goal of examining the role of foreign direct investment in determining establishment performance.
Second, the dataset used in this project covers a larger number of countries than alternative data sources, enabling to perform a comprehensive analysis of the crisis for developed as well We use four categories of information for each establishment: (i) industry information including the 4-digit SIC code of the primary industry in which each establishment operates and, for most countries, the SIC codes of as many as …ve secondary industries, listed in descending order of importance; (ii) ownership information including the establishments' domestic and global parents, status (joint-venture, corporation, partnership), and position in the hierarchy (branch, division, headquarters); (iii) location information including country, state, city, and street address; (iv) operational information including sales, employment, and export status.
Empirical Framework
The measure of establishment performance considered in this paper is the percentage change of sales from 2007 to 2008, denoted as dSales i . We de…ne below the primary establishment-level variables used to explain the heterogeneous performance.
Ownership structures We account for three types of …rm ownership structure. First, we identify units that are part of multi-establishment …rms. An establishment is considered to belong to a multi-establishment …rm if there exists at least one other establishment with the same …rm owner, that is, First, we identify subsidiaries that engage in …nal-good production, also referred to as subsidiaries with a horizontal linkage. We do this by comparing each subsidiary's primary product with the parent …rm's primary products, all reported at SIC 4-digit level. If the subsidiary's primary product is listed as one of the parent …rm's …nal products, it is considered a horizontal subsidiary.
We identify subsidiaries that share a vertical production linkage with parent …rms by examining the input-output relationship between the subsidiary's primary product and the parent …rm's …nal products. A subsidiary is considered vertical if the direct requirement of the subsidiary's primary product in the parent …rm's …nal-product production exceeds a threshold value 0.1. 6
1 if the direct use of i's primary product in parent …rm's …nal-product production > 0:1
Financial constraints Unlike production linkages, …nancial linkages between subsidiaries and parent …rms are not observed in the data and di¢ cult to quantify. To examine the …nancial channel, we construct a proxy of external …nance dependence and investigate how the e¤ect of FDI varies with establishments' reliance on outside capital. We follow Braun The variable is constructed based on worldwide data of publicly listed companies obtained from Global COMPUSTAT.
Multinational networks Finally, we take into account the size of …rms' multinational networks to determine whether larger international networks a¤ect establishments'economic performance. We construct a variable to measure the number of countries in which each …rm operates, that is, network i = the number of countries in which i's …rm owner operates.
We then interact network i with f oreign_M N C i and home_M N C i , respectively, to capture the e¤ects of multinational networks on foreign-and home-country MNC establishments. We also identify, for each MNC subsidiary, the subset of the MNC network that performs identical 6 We also considered di¤erent threshold values and found the results relatively similar.
production activities:
horizontal_network i = the number of countries in which i's …rm owner duplicates i's production.
This enables us to separate the e¤ects of horizontal and vertical production linkages.
Establishment economic characteristics In addition to …rm ownership and organization structures, we take into account a variety of establishment-level economic characteristics, including sales, age, multi-product status, and exporter status obtained from a lagged period.
We use lagged sales to control for each establishment's size and e¢ ciency. We also considered alternative measures such as employment size, market share, and labor productivity. The results were qualitatively similar. In addition, we include each establishment's age and examine whether a longer history of operation corresponded to a better response to the crisis. We also control for each establishment's multi-product status by constructing an indicator variable to represent establishments that produce more than one product. This variable informs us whether product diversi…cation helps establishments achieve greater sustainability. Finally, we include an indicator variable to separate exporting establishments from establishments that sell only domestically. This variable helps capture the role of export participation in determining establishment performance.
Accounting for these above economic characteristics enables us to identify the role of Finally, we control for all macro-level, country-industry speci…c factors such as market demand, credit conditions, and country linkages to the United States using a vector of countryindustry dummies. This enables us to focus on cross-establishment variations within each country and industry, and establish the relationship between establishment attributes and performance. In Section 5.1, we consider several measures of incidence of the crisis to explore the heterogeneous e¤ect of FDI across countries and underlying mechanisms.
Patterns of Establishment Performance in 2007-2008
We now describe the patterns of establishment performance across countries and industries.
Speci…cally, we explore how domestic and foreign owned establishments responded di¤erently to the crisis.
Cross-Country Patterns
We …rst consider a cross-country comparison. [ Figure 2 about here]
The responses of domestic and foreign owned establishments di¤ered sharply in the Czech Republic, a major FDI recipient in eastern Europe since joining the European Union. The distribution of domestic establishments shifted slightly leftward while the distribution of MNC establishments experienced a positive movement, expanding the gap between domestic and foreign owned establishments. In Mexico, neither type of distribution was signi…cantly di¤er-ent in 2008. There was little change in the distribution of MNC establishments, and only a slight rightward shift in the distribution of domestic establishments. 7 
Cross-Industry Patterns
The response of domestic and foreign establishments also varies across industries. Figure 3 plots the distributions of domestic and foreign owned establishments across major manufacturing and services industries. In the textile and apparel industry, while there were mixed and somewhat negative responses among domestic establishments, the sales distribution of foreign owned establishments shifted rightward. An exception is the extended left tail of the foreign establishment distribution, suggesting that sales contracted for the lowest percentile establishments. A similar pattern is observed in the chemical industry and in the machinery and electronics industries.
[ Figure 3 about here]
In the metal industry, an unambiguously positive movement was observed for foreign A similar pattern is observed in services. In the …nancial services industry, domestically owned establishments shifted slightly leftward while foreign MNC establishments shifted rightward. In the wholesale and retail industries, the pattern is similar except for the extended left tails of MNC establishments in both industries.
FDI and Establishment Performance: Baseline Evidence
To systematically evaluate the role of FDI in determining establishment performance during the recent global …nancial crisis, we …rst consider the following baseline empirical speci…cation:
where dSales ick denotes the percentage change in sales for establishment i in country c and industry k, multi_estab ick , f oreign_M N C ick , and domestic_M N C ick represent establish-ment i's ownership structure as de…ned in Section 2.2, X ick is a vector of establishment characteristics that includes lagged sales, age, multi-product status, and exporter indicator, and ck represents a vector of country-industry dummies that control for all country-industry speci…c factors.
We begin by focusing on establishments located in the U.S., the principal origin of the crisis, then move on to the rest of the world to examine how establishments outside the U.S.
were a¤ected. We …rst establish the average e¤ect of FDI, then explore the di¤erent channels through which FDI a¤ects establishment performance. [ Table 1 about here]
Inside the Origin of the Crisis
These results are robust to controlling for a variety of establishment-level attributes. The estimates reported in columns (4) and (5) 
Outside the Origin of the Crisis
As can be seen in Table 2 , the role of foreign MNC ownership is similar, albeit smaller, for establishments outside the U.S. Establishments that were part of multi-establishment …rms experienced about 6 percentage points higher percentage change in sales than establishments that operated alone ( [ Table 2 about here]
Controlling for establishment-level economic characteristics, again, does not change the main results. As in the U.S., establishments in the rest of the world with greater lagged sales had lower sales growth rates, and multiproduct establishments performed more satisfactorily.
But in contrast to the U.S., younger establishments outperformed old establishments, posting, on average, higher sales growth rates. Exporters, again, fared better, on average, during the crisis, achieving sales growth rates 8 percentage points higher than those of non-exporters.
Foreign ownership continues to have a signi…cant e¤ect: the sales growth of foreign owned establishments was 24 percentage points higher than that of other multi-establishment units.
Domestic MNC ownership also continues to play a signi…cant role, establishments owned by multinationals based in the same country outperforming other domestic multi-unit establishments by 35 percentage points.
FDI and Establishment Performance: Main Channels
Having examined the average e¤ect of FDI, we now explore the di¤erent channels through which FDI a¤ects establishment performance. As described in Section 1, we consider three distinct mechanisms, including production linkages, …nancial linkages, and multinational networks. These mechanisms form the basis of three main hypotheses predicting the heterogeneous e¤ects of FDI across countries, industries, and …rms.
Dependence on the Incidence of the Crisis
First, owing to production and …nancial linkages between subsidiaries and parent …rms, we expect multinational owned establishments to exhibit a greater advantage over local …rms when the incidence of the crisis is large in host countries but small in MNCs'home countries.
This hypothesis applies to the incidence of the crisis in both demand and …nancial conditions.
When the host country experiences a contraction in demand, we expect multinational owned establishments to be less a¤ected when they share vertical production linkages with homecountry headquarters. Similarly, when the host country's capital supply contracts, MNC subsidiaries are expected to be less a¤ected because of their …nancial linkages to home countries. For the same reasons, the performance of MNC subsidiaries will be crucially dependent on demand and …nancial conditions in their home countries. A better condition at home will enhance MNCs'advantage abroad; a worse incidence of the crisis in home economies will lead to negative spillovers to MNC foreign subsidiaries. The above hypothesis is summarized as follows:
The e¤ ect of FDI increases in the host country's incidence of the crisis and decreases in that of the home country.
Host-Country Incidence of the Crisis
To test hypothesis 1, we …rst explore the relationship between the e¤ect of FDI and the host-country incidence of the crisis by estimating the following equation:
where we allow the e¤ect of FDI to vary across host countries and obtain an estimate of 2c
for each host country.
We then relate the host-country speci…c e¤ects of FDI to the incidence of the crisis in the host countries. Four measures of macroeconomic conditions, denoted as condition c , are considered, (i) estimated host-country-industry …xed e¤ects,^ ck , obtained from equation (1),
(ii) 2008 GDP growth rates, (iii) 2008 import growth rates, and (iv) changes in country credit rating. 8 The …rst measure,^ ck , captures each country-industry's overall performance during the crisis. The second and third measures re ‡ect countries' changes in output and demand. The e¤ect of production linkages in enabling MNC subsidiaries to better respond to the crisis should be more pronounced in countries that experienced sharper declines in output and demand. The fourth measure of the incidence, that is, host-country changes in credit rating, helps us examine the …nancial channel through which FDI a¤ects establishment performance. We expect the e¤ect of …nancial linkages in reducing establishments'dependence on host-country capital markets and enabling them to achieve sustainability during host-country …nancial crises to be stronger in countries that experienced greater drops in credit ratings. relationship for all measures of performance. 9 As expected from hypothesis 1, the positive e¤ect of FDI is greater in host countries more adversely a¤ected by the crisis including countries that have experienced slower growth in GDP and imports (for example, Ireland, Italy, Japan, and the U.S.) and countries with a greater drop in credit rating (for example, the U.S., Japan, and Switzerland). In countries such as China, Egypt, and Chile where there was a lesser incidence of the crisis, FDI exerts a less positive or an even negative e¤ect on establishment performance.
[ Figures 7-10 about here]
The preceding results are also shown in Table 3 , in which we interact f oreign_M N C ick with the di¤erent measures of macroeconomic conditions, condition c , and estimate the following equation:
As can be seen in Table 3 , the estimated parameters of the interaction term 0 2 are negative and statistically signi…cant, implying that the e¤ect of FDI decreases with the aggregate performance of host-country economies and increases with the incidence of the crisis.
[ Table 3 about here]
Home-Country Incidence of the Crisis
Turning to the second part of hypothesis 1, we examine how the role of FDI varies with the incidence of the crisis in home countries by estimating the following equation:
where 2h is the e¤ect of FDI by MNC home country h. performance overseas is positively and signi…cantly correlated with the performance of homecountry economies and negatively correlated with the incidence of the crisis at home. MNCs headquartered in countries in which there has been a lesser incidence of the crisis, re ‡ected in a better overall response to the crisis (such as Australia and China) and a smaller drop in credit ratings (such as Brazil and Turkey), had better performance abroad. Conversely, MNCs headquartered in countries that experienced a greater adverse impact of the crisis, including a greater drop in credit ratings (for example, the U.S., Japan, Spain, and the U.K.), responded to the crisis less satisfactorily abroad and, in some cases, underperformed local …rms. We do not, however, …nd a signi…cant relationship between the foreign performance of MNCs and home-country GDP and import growth rates.
The preceding results are similarly shown in Table 4 , in which we interact f oreign_M N C ick with the macroeconomic variables of home countries, condition h , and estimate the following equation:
The estimated parameters of the interaction term 0 2 are positive and statistically signi…cant in columns (1) and (4), implying that the e¤ect of FDI is positively dependent on the conditions of home-country economies including both the estimated measure of performance and changes in credit ratings. This …nding also suggests that during economic crises MNC activities can serve as a linkage that transmits shocks from home to host countries.
In Table 5 , we interact f oreign_M N C ick with the di¤erences of home and host countries in macroeconomic variables, that is, condition h condition c , and …nd the results to be consistent with the hypothesis. The positive e¤ect of FDI on establishment performance is more pronounced when MNC home countries exhibited better performance in demand and …nancial conditions relative to host countries.
[ Tables 4-5 
Production Linkages and Financial Constraints
Our second hypothesis evaluates the role of production and …nancial linkages by exploring attributes of MNC activities. We expect multinational establishments that share vertical production linkages with parent …rms and engage in activities with stronger …nancial constraints to exhibit a greater advantage over local …rms. This hypothesis is summarized below:
Hypothesis 2 The e¤ ect of FDI increases in the vertical production linkages between MNC establishments and parent …rms and the …nancial constraints of establishment activities.
Production Linkages
To test hypothesis 2, we …rst examine how the role of FDI varies with production linkages between establishments and their foreign parent …rms. As described in Section 2.2, we distinguish horizontal and vertical MNC subsidiaries. We interact f oreign_M N C ick with horizontal i and vertical i , respectively, and estimate the following equation: [ Table 6 about here]
Further interacting f oreign_M N C ick horizontal i and f oreign_M N C ick vertical i with estimated host country-industry performance (Table 6 , columns (3) and (4)), we …nd the role of vertical production linkages to be particularly important in host countries that experienced a greater incidence of the crisis. This …nding lends further support to the production linkage hypothesis. We also …nd that both horizontal and production linkages exerted a greater positive e¤ect when home countries exhibited a better response to the crisis.
Financial constraints
To investigate the second part of hypothesis 2, that is, how the e¤ect of FDI varies with the …-nancial constraints of establishment activities, we interact f oreign_M N C ick with f inancial k , the industry speci…c measure of external …nance dependence, and estimate the following equation: [ Table 7 about here]
Multinational Networks
The third hypothesis of our analysis takes into account the plurilateral nature of many MNCs' international networks. Speci…cally, we examine whether a larger multinational network ampli…es the e¤ect of production and …nancial linkages, and a¤ects establishment performance during the crisis.
Hypothesis 3
The e¤ ect of production and …nancial linkages increases in the size of multinational networks.
We …rst construct a variable network i to measure the number of countries in which establishment i's ultimate …rm owner operates. We then interact this variable with both f oreign_M N C i and domestic_M N C i and estimate the following equation:
The parameters of the interaction terms, [ Table 8 about here] Table 8 presents the results. We …nd the e¤ect of multinational networks to di¤er between the U.S. and other countries. We …nd no signi…cant relationship between the number of countries in which a multinational operates and the performance of either U.S. based establishments or multinationals headquartered in the U.S. But outside the U.S., establishments of foreign multinationals that owned larger production networks around the world exhibited a signi…cantly greater advantage during the crisis. An increase in the size of network by one country is associated with a 0.6 percentage point improvement in the percentage change of sales. This …nding also applies to domestic multinationals, for which an increase in the size of the network by one country corresponds to 0.9 percentage point higher sales growth. This result lends support to the positive role of location diversi…cation in times of economic volatility. Operating in more countries o¤ers individual establishments better stability.
The e¤ect of multinational networks also decreases in the performance of host-country economies and increases in the incidence of the crisis (Table 8 , columns (3) and (4)). Establishments that were part of larger MNC networks exhibited a particularly greater advantage when host countries experienced a sharper decline in industry performance and credit ratings.
[ Table 9 about here] Table 9 extends the network analysis to further evaluate interdependence within the network. We, …rst, identify, for each MNC subsidiary, the subset of the MNC network that performs identical production activities. This enables us to separate the e¤ects of horizontal and vertical production linkages. We …nd that the size of horizontally linked networks, although it does not a¤ect the performance of individual foreign subsidiaries, exerts a negative e¤ect on the performance of home-country establishments, suggesting that home production activities are more prone to the e¤ect of the crisis for MNCs engaged in horizontal foreign investments. When taking into account the average performance of countries within horizontal networks ( Table 9 , column (4)), we …nd a negative interdependence between MNC subsidiary performance in a given host country and the performance of countries in which MNCs engage in duplicate production activities. This further con…rms the role of horizontal production linkages in increasing the economic volatility of individual establishments.
Sensitivity Analysis
One potential concern in our analysis is the endogeneity of foreign ownership status. For example, one can argue that foreign MNCs may have performed better, on average, during the crisis because they acquired more productive local …rms. If this were the case, the estimated e¤ect of foreign ownership could su¤er from a self-selection bias. To address this issue, we employ a matching technique that creates the missing counterfactual of each MNC establishment's response to the crisis had the establishment not been owned by MNCs. This is done by matching each MNC establishment with a local …rm based on economic characteristics like sales, age, and exporter status as well as on location and industry factors. Each matched pair thus shared similar economic attributes prior to the crisis, except the status of foreign ownership. We compare the performance of matched establishments at the end of 2008. Different responses to the crisis are attributed to the role of foreign ownership. This approach enables us to control for both observable and unobservable di¤erences between MNC and local establishments in examining the e¤ect of FDI.
We express the goal of estimating the causal e¤ect of FDI as follows:
where the subscript of dSales (i.e., 1 and 0) describes the (potentially hypothetical) circumstances (i.e., with or without foreign ownership) under which the outcome (i.e., sales growth) is observed, and :::jf oreign_M N C = 1 refers to the group of establishments that are owned by foreign MNCs (i.e., our treatment group). The foregoing equation represents the di¤er-ence in sales growth between a foreign owned establishment (the …rst right-hand-side term) and the same establishment had it not been foreign owned (the second term). The latter, however, is an unobserved counterfactual. The matching method is a strategy of constructing the unobserved counterfactual by identifying a match for each foreign owned establishment that exhibits similar characteristics. The underlying assumption is that the matched pairs, conditioning on the observed characteristics, would perform similarly under the same circumstances. Hence, equation (7) can be rewritten as:
The …rst di¤erence on the right hand side of the above equation represents the observed di¤erence in sales growth between MNC and local establishments. The second di¤erence represents the selection bias, that is, the di¤erence in sales growth between the MNC establishment, under the hypothetical circumstances that it had not been foreign owned, and local establishments. Our goal is to minimize the selection bias through the matching process and estimate the e¤ect of foreign ownership.
To proceed, we adopt a one-to-one nearest neighbor matching and identify a local …rm l for each MNC establishment i such that
that is, with the minimum di¤erence from MNC establishment i in a vector of economic characteristicsX that includes plant-level characteristics prior to the crisis such as sales, age, and exporter status and location and industry …xed e¤ects. To make the analysis feasible, we limit the matching to establishments that are part of multi-unit …rms. We evaluate the role of foreign ownership by comparing the sales growth rates of each matched pair, that is, 2 = E dSales i jX E dSales l(i) X . This yields the estimated e¤ect of foreign ownership on establishment performance during the crisis. Table 10 reports the estimates. We …nd the estimated e¤ect of foreign ownership on
MNCs' response to the crisis (i.e., average treatment e¤ect on the treated (ATT)) positive and statistically signi…cant. This is true for establishments both within and outside the U.S.
In fact, the advantage of foreign MNC establishments is larger in the U.S., equivalent to 72 percentage points higher sales growth rates. MNC establishments in other countries exhibited, on average, 19 percentage points higher sales growth compared to their matches.
[ Table 10 about here]
Conclusion
We investigate in this paper the role of foreign direct investment in determining micro economic responses to the global …nancial crisis. Using a new worldwide dataset that reports operational activities of more than 12 million establishments before and after 2008, we examine patterns of economic crisis at the most disaggregated level. We study how multinationals around the world responded to the crisis relative to local …rms, and the underlying mechanisms of those di¤erential responses.
The paper explores three distinct channels through which FDI a¤ects establishment performance, (i) production linkages, (ii) …nancial linkages, and (iii) multinational networks. The results broadly support all three channels. We …nd that although multinational owned es- 
